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ABSTRACT.-Susceptibility to infection of 2 strains of Anopheles gambiae s.s., An. freeborni and, An.
stephensi, was determined for 2 closely related malaria parasites, Plasmodium malniine and. p. brasi-Lianum. Neither strain ofAn. garnbiae iupported development ofoocyst densities as great as the other 2
an^opheline.mosquitoes. The_ZAN strain of !1. Sambiae s.s. from Zanzibar was riore susceptible toinfection with the strain_of P. malariae from Uganda than the G-3 strain of An. gambiae s.s. fiom TheGambia' All species and strains of mosquitoei supported complete developmeit to the presence of
sporozoites in the salivary glands.
INTRODUCTION
The susceptibility of different strains of
Anopheles gambiae Giles to experimental infec-
tion with different geographic strains of Plas-
m.odiunl uiuax has been reported (Collins and
Roberts 1991). Because of the major importance
of this mosquito species in the transmission of
malaria in Africa, studies were made on its sus-
ceptibility to infection with an indigenous strain
of Plasmodium malariae and the closely related
malaria parasite of New World monkeys, Plos-
rnodium brasilianum. Reported here are the re-
sults of studies comparing strains of An. garnbiae
s.s. from East and West Africa with our 2 ref-
erence mosquito species, Anopheles freeborni
Aitken and Anophebs stephensi Liston.
MATERIALS AND METHODS
The G-3 strain of An. gambiae s.s., originally
from The Gambia, was obtained from the Lon-
don School of Hygiene and Tropical Medicine
and has been maintained in our insectary since
1979. The Zanzlbar (ZAN) strain was originally
acquired from field collections in 1984. Anoph-
eles freeborni. (F-1 strain originally from Mar-
ysville, California, U.S.A.), and An. stephensi,(originally from India), have been maintained
in our insectary more than 10 years.
The Uganda I/CDC strain of P. malariae was
obtained in 1982 from a blood donor who had
come to the United States from Uganda 8 years
previously. Blood was inoculated into a splenec-
t Yerkes Regional Primate Research Center, Emory
University, Atlanta, GA 30322.2 Scientific Resources Program, National Center for
Infectious Diseases, Centers for Disease Control, At-
lanta, GA 30333.
tomized chimpanzee. After the chimpanzee de-
veloped a patent parasitemia, blood was pas-
saged to splenectomizedAotus and Soimiri mon-
keys and other chimpanzees (Collins et al. 1984,
1989a, 1989b, 1990a). The P. brasilianurnstrains(Peruvian I and III) originated from naturally
acquired infections in Aotus uociferans and Saj-
miri sciureu,s peruuiensis monkeys from Peru(Collins et al. 1985, 1990b). The strains were
maintained by linear passage in Solmiri mon-
keys.
Heparinized blood infected with P. mahriae
was obtained from the chimpanzee by vena-
puncture and was fed to mosquitoes through
parafilm membranes using blown glass feeders
warmed with a circulating water pump (Ruttedge
et al. 1964). For feeding, mosquitoes were trans-
ferred to small screen-topped ice-cream-carton
cages. Mosquitoes fed directly through the mesh
on the membrane or on anesthetized monkevs.
Infected mosquitoes were held in an incubaior
at 25'C and 60% RH until they were dissected
9 to 12 days after feeding and examined for
oocysts. If oocysts were present, a portion of the
group of mosquitoes was held to determine the
completion of the sporogonic cycle (presence of
sporozoites in the salivary glands).
For comparative feedings, the different mos-
quito species/strains were caged and fed simul-
taneously on the animal or membrane. Only lots
of mosquitoes fed at the same time were com-
pared. Usually, no infections were obtained.
However, if either of the mosquito species was
infected, the dissection results were used for
comparison. Five chimpanzees and 16 Aotus le-
murinus griseimembra monkeys served as infec-
tive donors for P. malariae. Eighteen Saitniri
sciureus boliuiensis or Saimiri sciureus peruuien-
sls monkeys served as infective donors for P.
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brasilianum. All animals were splenectomized
either before or during infection to stimulate the
production of infective gametocytes.
The average number of oocysts per gut for a
particular lot of mosquitoes was multiplied x
100 to give the gut infection index. The geomet.
ric mean gut infection index for the strain of
An. gambiae s.s. was divided by that of a refer-
ence mosquito species to give the gut infection
index ratio. The mean percent infection for the
strain of An. gambiae s.s. was divided by that of
a reference mosquito species to give the percent
infection ratio. Differences between percentage
infection were determined using normal approx-
imation (z-test with variance). Because the
number of mosquitoes varied by lot, the variance
involves a weighted sum of variations about the
mean. Differences between the gut infection in-
dices were determined bv t-test.
RESULTS
A total of 355 feedings (186 P. malnriae and
169 P. brasilianum) were selected in which one
or both of the G-3 or ZAN strains of An. gambiae
s.s. or An. freeborni and, An. stephensi were
infected (Table 1 and Figures 1 and 2).
The Uganda I/CDC strain of P. mahrhte was
readily infective to both the G-3 and ZAN
strains of An. garnbioe s.s. (Table 1, Fig. 1).
When compared with An. freeborni, the ZAN
strain had a higher mean percent infection ratio(43.9:100) than the G-3 mosguitoes (3?.2:100).
The same was true for the mean gut infection
index ratios (24.1:100 for the ZAN:FRE com-
parison vs. 11.2:100 for the G-3:FRE compari-
son). When compared with An. stephensi, the
ZAN strain also had higher mean percent infec-
tion and gut infection index ratios than the G-3
strain of An. gambiae s.s. (79.9:100 vs. 55.5:100
and 45.2:100 vs. 27.4:100,respectively), although
the differences were less significant than with
An. freebornl (Table 1). On the 15 occasions
when both the G-3 and ZAN strains were fed
together, the percent infection and the gut in-
fection index ratios were 48.1:100 and 22.1:100,
respectively, with the ZAN strain given the value
of 100. Dissection of salivary glands of each of
these species/strains of anophelines indicated
the complete development of the sporogonic
cycle to the presence of large numbers of spo-
rozoites in the salivary glands.
The 2 strains of P. brasilianum were also
readily infective to both the G-3 and ZAN
strains of An. gambiae s.s. (Table 1, Fig. 2).
When compared with An. freebornj, the G-B
strain hada higher mean percent infection ratio(30.9:100) than the ZAN mosquitoes (26.3:100).
The same was true for the mean gut infection
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Fig. 1. Percent infection ratios and gut infection index ratios of Anopheles gambtae s.s
andAn. freeborni (FRE) andAn. stephensi (STE) for Plasmodium malnriae.
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Fig. 2. Percent infection ratios and gut infection index ratios of Anophcles garnbine s.s. (G-3 and ZAN strains)
and An. freeborni (FRE), and An. stephcnsi (STE) for Plasmodiurn brasilianum.
!  r r . z
fir=,T,.4fr..-Eiil z+.r
lll]lTla zt +
Iou .z
IIlulII zz.r
I u.o
I s.z
ttTtll ecn
I * . 0
Ll:ii'Lllllliilr,;,1'll +0. o
MARCH 1993 INroctror.r or AN. elueaE wITH MALARIA
index ratios (5.4:100 for the G-3:FRE compari-
son vs. 3.2:100 for the ZAN:FRE comparison).
When compared with An. stephensi, the ZAN
and G-3 strains were essentially the same for
the mean percent infection ratio (69.7:100 for
the ZAN:STE comparison vs. 82.8 for the G-
3:STE comparison). However, the gut infection
index ratios indicated that the ZAN strain was
more heavily infected (39.4:100 vs. 28.8:100 for
the G-3). On the 17 occasions when both the G-
3 and ZAN strains were fed together, the percent
infection and gut infection index ratios were
88.2:100 and 46.6:100, respectively, with the
ZAN strain given the value of 100. No significant
differences in these values were observed. Sali-
vary gland examination indicated the complete
development of the sporogonic cycle in each of
these species/strains of anophelines.
DISCUSSION
The Uganda I/CDC strain of P. malnriae olie-
inated from Uganda and can be considered an
East African parasite. The ZAN strain of An.
gambiae ftom Zanzlbar was more susceptible to
infection than the West African G-3 strain of
An. gambine. The results suggest that strains of
P. malariae may be more infective to coindigen-
ous strains of An. gambine s.s. Confirmation
studies must await the adaptation of additional
strains of P. malariae from other geographic
areas of Africa.
Plasmodium brasilianurn is morphologically
very similar to P. malariae and mav have re-
sulted from direct adaptation of P. milariae into
South American monkeys from human infec-
tions (Coatney et al. 1971). Molecular studies
on the circumsporozoite proteins of these 2 par-
asites indicate a high level of homology (Lal et
al. 1988a, 1988b). Our results show that An.
gambiae s.s. can readily serve as a host for the
development of P. brasilianu.m as well as for p.
malariae. However, neither of the strains of An.
gambiae s.s. had percentage of infection rates or
the number of oocysts per gut as high as the An.
freeborni or An. stephensl mosquitoes.
In our search for efficient hosts for experi-
mental vector or parasite studies, An. gambiae
s.s. has some advantages. It is readily reared in
the laboratory, feeds well on animals and
through parafilm membranes, and is relativelv
long living. Its usefulness will be enhanced as
rts susceptibility to additional strains/species of
Plas modium is demonstrated.
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